Introduction: Chronic respiratory diseases (CRD) are obvious effects of air pollution and the third reason of death in developing countries. In Africa, air pollution from road traffic is one of the main causes of poor air quality. We set out to systematically review existing published researches on traffic related to air pollution and CRD, particularly asthma and Chronic Obstructive Pulmonary Disease (COPD) in Africa. Methods: A literature search of PubMed, Scholar and LISSA databases, published journals, reference articles, published up to 31 December 2016, has been done by using a research strategy procedure. Texts were reviewed for inclusion. Studies were included if they met the following criteria: 1) the relationship between asthma or COPD with ambient air pollution related to road traffic was studied and 2) the population included people from Africa or lived in Africa. Articles written in English and French were included. Results: Fifty-five articles were selected in this review, of which twenty-seven were on air pollution and CRD in Africa. The proximity of the residence or workplace to the traffic is associated with an increased risk of asthma with a dose-response relationship. The estimated prevalence of COPD varies between 2.7% and 38.5%. Conclusion: There is little research on traffic related to air pollution and CRD in Africa. Strategies to reduce traffic related to air pollution in African cities have been proposed in order to have a healthier ambient air.
implications. The World Health Organization (WHO) estimates that outdoor air pollution could cause 3.7 million of premature deaths worldwide in 2012 [1] . In Africa, premature deaths caused by indoor and outdoor air pollution increased by 36% between 1990 and 2013. The number of annual deaths due to air pollution increased from 180,000 in 1990 to 250,000 in 2013 [2] . On average, an adult breathes 10 -15 m 3 of air per day. Inhalation represents the fundamental mechanism of exposure to airborne pollutants in humans [3] . Therefore, the respiratory system becomes a primary target of the harmful effects of major air pollutants for health, including particle matter (PM), ozone (O 3 ) and nitrogen dioxide (NO 2 ) [4] . Air pollution is associated with the occurrence and exacerbation of chronic respiratory diseases (CRD), particularly asthma and Chronic Obstructive Pulmonary Disease (COPD) [5] . The world's population is facing a well-known and recognized global epidemic of chronic respiratory diseases, with the highest burden expected in sub-Saharan Africa [6] . Chronic respiratory diseases are responsible for 4.2 million deaths a year worldwide, nearly 80% of which occur in low-or middle-income countries [1] . The burden of chronic respiratory diseases such as asthma and COPD is unknown in Africa [7] but should be high due to environmental conditions such as air pollution. Urbanization rates in Africa are among the highest in the world, with more than half of the population expected to reside in urban areas by 2035 [8] . Traffic related to air pollution is a major part of pollution sources in big African cities. While the use of biomass fuel for domestic cooking is the main source of pollution in most African rural areas [9] . The United Nations (UN) estimates that roads account for up to 90% of urban air pollution in developing countries [10] . The United Nations Environment Programme (UNEP) also estimated that more than 600 million people in urban areas around the world, the majority of them in developing countries, particularly in Africa, were exposed to dangerous levels of air pollutants generated by traffic [11] .
Indeed, the road traffic has the potential to significantly increase pollutant emissions and degrades air quality, especially near very busy main roads with car drivers. These emissions contribute to the risk of morbidity and mortality for drivers and those working or living nearby, as testified by epidemiological studies, evaluations of proposed standards for car emissions and environmental impact studies for specific road projects [12] [13] .
In Africa, few studies have been carried out on traffic related to air pollution and chronic respiratory diseases compared to developed countries [7] [14] . These studies have been done in different parts of Africa and have estimated the prevalence of chronic respiratory diseases such as asthma and COPD. Traffic related to air pollution is a major environmental health issue that affects many developing countries. Residents of cities with highly polluted air suffer more from heart disease, respiratory problems than those in cities with cleaner air [15] .
Given the significant increase in respiratory diseases in Africa, it is important to know the effects of air pollution related to traffic on the respiratory morbidity of African populations by the different studies that have been done in Africa. In The aim of this review is to present the state of knowledge in Africa on the impact of external air pollution, particularly related to traffic, on chronic respiratory diseases and to propose strategies to fight this pollution.
Methodology

Data Sources
The PubMed, Scholar and LISSA databases were used to identify studies published up to 31 December 2016. The keywords included in the research were air pollution, traffic and Africa, as well as Chronic Obstructive Pulmonary Disease (COPD), asthma and respiratory morbidity.
Study Selection
We also looked for the recent reports and reference articles related to our subject of study. Thus, the relevant studies or articles written in English and French that were made in Africa were included in the review.
Data Extraction and Synthesis
The extraction was done by selecting the relevant articles by examining the titles, summaries and reference lists ( Figure 1 ).
Studies on chronic respiratory diseases resulting from air pollution related to traffic in each part of Africa have been synthesized under the categories: air Figure 1 . Selection procedure of articles included in this review.
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pollution related to traffic, epidemiology outdoor air pollution and chronic respiratory diseases , and strategies to reduce air pollution as well.
Results
Air Pollution from Traffic: Case of Africa
Road traffic has strongly increased in Africa and around the world over the past 20 years [16] . In several regions of Africa, car emissions have become the main sources of air pollutants, including carbon monoxide (CO), carbon dioxide (CO 2 ), volatile organic compounds (VOCs), and hydrocarbons CHs), nitrogen oxides (NO x ), and particles matter (PM) [14] [17]. African cities, as most cities in developing countries, are facing serious problems of particulate emissions from traffic [18] [19] [20] . Economic growth in African cities coupled with a lack of transportation and efficient territory management is resulting in an increase of the number of personal cars and traffic jam. The increasing severity and duration of traffic congestion significantly increase pollutant emissions and then deteriorate the air quality, especially near main roads. This is why hot spots of air pollution can be remarked near high traffic roads. Urban growth that accompanies economic growth is also continuing in a fast way in developing countries, particularly in sub-Saharan Africa [8] . This is due to the fact that rural populations continue to migrate more and more to cities looking for jobs and hoping better living conditions. This rampant urbanization will then intensify the emission of car pollutants and exacerbate the serious problems of air quality in the cities of Sub-Saharan Africa, and its effects on health as well. High concentrations of pollutants can be seen near high-traffic roads and these are gradually decreasing with distance [21] . Lamsal et al., 2013 [22] found that urban NO 2 pollution is a dose-response function of the population size: the concentration of NO 2 increases proportionally in relation with the size of the population in an exponential way. The reasons for this increase in car pollutants, in particular NO 2 , are the import of old cars, poor vehicle maintenance, and poor infrastructures unable to support the rapid increase in the number of vehicles. Traffic emissions may harm the health of residents in sub-Saharan Africa in particular, those who walk along high-traffic roads, public transport users or those who drive cars. Studies have shown that traffic related to air pollution is becoming an increasing concern and a major public health problem [23] [24] [25] [26] . Particles matter (PM) generated by fuel combustion (for example cars with an engine) are associated with a wide range of health effects, including more than 800,000 deaths in cities around the world [21] [27] . These emissions contribute to the risk of morbidity and mortality for drivers and people living near the roads, as shown by different studies [12] [13].
Epidemiology of Outdoor Air Pollution and Chronic Respiratory Diseases in Africa
The harmful effects of high levels outdoor air pollution in patients with chronic [35] study has also shown a dose-response relationship between road traffic close to residences and a difficult breathing, rhino-conjunctivitis and eczema in children in Nigeria and Morocco (Table 1 ). In Ibadan, it was also shown that most places where high particulate concentration was observed, impairment of pulmonary function could be noticed on residents [36] .
Another study was carried out by the Mustapha et al., 2011 [37] on children from schools of low socio-economic areas in Nigeria who are exposed to multiple sources of both outdoor and indoor air pollution. This study showed that traffic related to air pollution in the proximity of residences was associated with respiratory symptoms such as wheeze, cough, phlegm and rhinitis.
In Ethiopia, a study on adults and children in an urban community [34] 
Epidemiology of Air Pollution Related to Traffic and COPD in Africa
It has been shown that air pollution is a risk factor for asthma and COPD. Air pollution can be a cause of exacerbation of COPD. However, the role of air pollution in the occurrence of COPD remains to be demonstrated [5] . In Africa, most prevalence studies of COPD have been conducted on specific groups of the population: miners, farmers or workers in industrial areas and also in hospital patients [38] [39] [40] [41] [42] [43] . The prevalence of chronic bronchitis among no-exposed workers varied between 3.5% and 17% [39] [40] [41] and was always higher among exposed workers (4.1% to 38.5%) [38] [39] [40] [41] [42] [43] . In Africa, the proportion of patients with COPD varies from country to country, from 2.7% in pneumology services in Conakry to 14% in specialized hospitals in pneumology in Morocco [27] [48] . In Tunisia, a study [49] was carried out to determine the prevalence of COPD on no-smokers adult population. A prevalence of 4.7% of COPD was found ( 
Discussion
In developing countries, particularly in Africa, where social mobility is important in cities, succeeding in controlling traffic as well as reducing air pollution related to traffic are desirable goals. However, it is more difficult to reach them in the countries of the South than in the countries of the North. Socio-demographic constraints are also present in Africa: migration flows from the population to the cities must be controlled, as well as the extension of residential areas at the periphery of cities [9] . The World Bank, through its reports on air pollution, has suggested a number of strategies to reduce air pollution in developing countries [54] . The first strategy is to assess air pollution in cities by measuring the level of pollution with real-time measurement systems, then establishing fixed air quality monitoring sites. These air quality monitoring sites have been set up only in some African cities such as Dakar, Algiers and Casablanca. The second strategy is to assess the health effects of air pollution on the population through epidemiological studies. These epidemiological studies will allow us to know the prevalence of chronic respiratory diseases in the most polluted urban areas and also to make correlational studies between the levels of air pollution and the morbidity of chronic respiratory and cardiovascular diseases. A multidisciplinary approach to research is essential for an effective program to control air pollution. Specialists in medicine, natural sciences, meteorology, sociology, urbanization and law must be well integrated to fight this threat. In West Africa, an Ecohealth Chair has been created, bringing together four universities of four African capitals (Cotonou, Dakar, Ouagadougou and Abidjan). This chair includes multidisciplinary researchers working on the topic of air pollution and chronic respiratory diseases in West Africa. Information is another very important aspect of controlling air pollution. Public authorities must be sensitized about the problem of air pollution, especially from traffic, its importance and its toxic effects on health. In the sense, vigorous information and awareness campaigns should be set up to alert African populations about the respiratory effects of air pollution. These campaigns could bring populations to cooperate more easily in measures or controls taken by governments or health authorities to make the ambient air healthier. Citizens' education is also essential in order to make them understand that having a good air quality is in their interest for their health. Education
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should also include potential polluters (e.g. public transporters, drivers of used cars, etc.) to control their environment. After these scientific and educational strategies, the regulatory approach is inevitable in order to impose a minimum of laws in order to get a significant reduction of polluting emissions, particularly from cars, in big African cities. To limit these emissions, it is necessary to impose reasonable and applicable standards of air quality. For example, in Senegal, the Senegalese Standardization Agency (ASN) has set standards for concentrations of pollutants different from those of WHO that are more feasible and applicable to the local context of Dakar. Combustion of fuel from cars or engines causing air pollution and its effects on health could be controlled through the use of unleaded gasoline and improved crude oil refining techniques [17] . Effectiveness mechanism of control such as compulsory car inspections to eliminate big polluters and not well maintained cars should be more widely used. Traffic management reduces significantly the exposure of urban residents. Urban planning is an important lever to reduce air pollution due to traffic in cities. A better integration of environmental and health aspects in urban planning could improve the quality of ambient air in cities [55] . In Europe, WHO [54] has given some examples of actions to reduce air pollution linked to traffic through urban planning by the prevention of traffic congestion, the creation of green spaces, the separation of pedestrians and cyclists from traffic, an effective promotion focused on the services and clean public transportations to improve traffic fluidity. These measures could be applicable in African cities to improve the quality of the air we breathe (Figure 2 ). 
Conclusion
A high prevalence of chronic respiratory diseases was noted in the Africa region.
As in the case of developing countries, Africa is facing more severe air pollution due to intense energy consumption, large scale demolishment and reconstructions, increased emissions from transportation, and biomass combustion compared to developed countries that have been industrialized for years. Air pollution from cars is associated with an increased risk of CRD in Africa. Little research has been done on the effects of air pollution from cars on respiratory health in contrast to indoor air pollution, in particular that related to the combustion of biomass. The same countries often do such research. There should be more African countries interested in the health effects of air pollution, especially as the burden of respiratory non communicable diseases is becoming more and more severe in Africa. It is therefore important to reduce the share of air pollution as a risk factor for CRD. Socio-economic, cultural, political and other environmental risk factors such as tobacco are also likely to have a key role in the occurrence and exacerbation of these CRD, and must be evaluated more thoroughly to enable effective action.
